We investigated developmental trajectories of and the relation between reading and writing (word reading, reading comprehension, spelling, and written composition), using longitudinal data from students in Grades 3-6 in the US. Results revealed that word reading and spelling were best described as having linear growth trajectories whereas reading comprehension and written composition showed nonlinear growth trajectories with a quadratic function during the examined developmental period. Word reading and spelling were consistently strongly related (.73 B rs B .80) whereas reading comprehension and written composition were weakly related (.21 B rs B .37). Initial status and linear slope were negatively and moderately related for word reading (-.44) whereas they were strongly and positively related for spelling (.73). Initial status of word reading predicted initial status and growth rate of spelling; and growth rate of word reading predicted growth rate of spelling. In contrast, spelling did not predict word reading. When it comes to reading comprehension and writing, initial status of reading comprehension predicted initial status (.69), but not linear growth rate, of written comprehension. These results indicate that reading-writing relations are stronger at the lexical level than at the discourse level and may be a unidirectional one from reading to writing at least between Grades 3 and 6. Results are discussed in light of the interactive dynamic literacy model of reading-writing relations, and component skills of reading and writing development.
Introduction
Reading and writing are the foundational skills for academic achievement and civic life. Many tasks, including those in school, require both reading and writing (e.g., taking notes or summarizing a chapter). Although reading and writing have been considered separately in much of the previous research in terms of theoretical models and curriculum (Shanahan, 2006) , their relations have been recognized (see Fitzgerald & Shanahan, 2000; Langer & Flihan, 2000; Shanahan, 2006 for review). In the present study, our goal was to expand our understanding of developmental trajectories of reading and writing (word reading, reading comprehension, spelling, and written composition), and to examine developmental relations between reading and writing at the lexical level (word reading and spelling) and discourse level (reading comprehension and written composition), using longitudinal data from upper-elementary grades (Grades 3-6).
Successful reading comprehension entails construction of an accurate situation model based on the given written text (Kintsch, 1988) . Therefore, decoding or reading words is a necessary skill (Hoover & Gough, 1990) . The other necessary skill is comprehension, which involves parsing and analysis of linguistic information of the given text. This requires working memory and attention to hold and access linguistic information (Daneman & Merikle, 1996; Kim, 2017) as well as oral language skills such as vocabulary and grammatical knowledge (Cromley & Azevedo, 2007; Elleman, Lindo, Morphy, & Compton, 2009; Kim, 2015 Kim, , 2017 National Institute of Child Health and Human Development, 2000; Vellutino, Tunmer, Jaccard, & Chen, 2007) . In addition, construction of an accurate situation model requires making inferences and integrating propositions across the text and with one's background knowledge to establish global coherence. These inference and integration processes draw on higher order cognitive skills such as inference, perspective taking, and comprehension monitoring (Cain & Oakhill, 1999; Cain, Oakhill, & Bryant, 2004; Cromley & Azevedo, 2007; Kim, 2015 Kim, , 2017 Kim & Phillips, 2014; Oakhill & Cain, 2012; Pressley & Ghatala, 1990) .
In writing (written composition), one has to generate content in print. As a production task, transcription skills (spelling, handwriting or keyboarding fluency) are necessary (e.g., Berninger & Amtmann, 2003; Graham, Berninger, Abbott, Abbott, & Whitaker, 1997; Juel, Griffith, & Gough, 1986) . Generated ideas undergo translation into oral language in order to express ideas and propositions with accurate words and sentence structures; and thus, writing draws on oral language skills (Berninger & Abbott, 2010; Kim et al., 2011 Kim et al., , 2013 Kim, Al Otaiba, Wanzek, & Gatlin, 2015a; Kim, Puranik, & Al Otaiba, 2015b; Olinghouse, 2008) . Of course, quality writing is not a sum of words and sentences, but requires local and global coherence (Authors, 2017; Bamberg, 1983) . Coherence is achieved when propositions are logically and tightly presented and organized, and meet the needs of the audience. This draws on higher order cognitive skills such as inference, perspective taking (Kim & Graham, 2018; Kim & Schatschneider, 2017) , and self-regulation and monitoring (Berninger & Amtmann, 2003; Kim & Graham, 2018; Limpo & Alves, 2013) . Coordinating these multiple processes of generating, translating, and transcribing ideas relies on working memory to access short term and long term memory (Berninger & Amtmann, 2003; Hayes & Chenoweth, 2007; Kellogg, 1999; Kim & Schatschneider, 2017) as well as sustained attention (Berninger & Winn, 2006) .
What is apparent in this brief review is similarities of component skills of reading and writing skills (see Fitzgerald & Shanahan, 2000; Kim & Graham, 2018) . Then, what is the nature of reading and writing relations? 1 According to the interactive and dynamic literacy model (Kim & Graham, 2018) , reading and writing are hypothesized to co-develop and influence each other during development (interactive), but the relations change as a function of grain size and developmental phase (dynamic). The interactive nature of the relation is expected for two reasons. First, if reading and writing share language and cognitive resources to a large extent, then, development of those skills would influence both reading and writing. Second, the functional and experiential aspect of reading and writing facilitates co-development (Fitzgerald & Shanahan, 2000) . The majority of reading and writing tasks occur together (e.g., writing in response to written source materials; note taking after reading); and this functional aspect would facilitate and reinforce learning key knowledge and meta-awareness about print and text attributes (e.g., text structures) in the context of reading and writing.
Reading-writing relations are also expected to be dynamic or to change as a function of various factors such as grain size (Kim & Graham, 2018) . When the grain size is relatively small (i.e., word reading and spelling), reading-writing relations are expected to be stronger because these draw on a more or less confined set of skills such as orthography, phonology, and semantics (Adams, 1990; Carlisle & Katz, 2006; Deacon & Bryant, 2005; Ehri, 2000; Kim, Apel, & Al Otaiba, 2013; Nagy, Berninger, & Abbott, 2006; Treiman, 1993) . In contrast, when the grain size is larger (i.e., discourse-level skills such as reading comprehension and written composition), the relation is hypothesized to be weaker because discourse literacy skills draw on a more highly complex set of component skills, which entails more ways to be divergent (see Kim & Graham, 2018) . Extant evidence provides support for different magnitudes of relations as a function of grain size (i.e., lexical versus discourse level literacy skills). Moderate to strong correlations have been reported for lexical-level literacy skills (i.e., word reading and spelling; .50 B rs B .84; Ahmed, Wagner, & Lopez, 2014; Berninger & Swanson, 1994; Ehri, 2000; Juel et al., 1986; Kim, 2011; Kim et al., 2015a) whereas a weaker relation has been reported for reading comprehension and written composition (.01 B rs B .59; Abbott & Berninger, 1993; Ahmed et al., 2014; Berninger & Abbott, 2010; Berninger et al., 1998b; Juel et al., 1986; Kim et al., 2015a) .
Although previous work on reading-writing relations has been informative, empirical investigations of developmental relations between reading and writing using longitudinal data are limited. In fact, little is known about developmental patterns of writing skills (for reading development, see, for example, Kieffer, 2011; McCoach, O'Connell, Reis, & Levitt, 2006; Morgan, Farkas, & Wu, 2011) , let alone developmental relations between reading and writing. In other words, our understanding is limited about (a) the functional form or shape of developmentwhether writing skills, including both spelling and written composition, develop linearly or non-linearly; and (b) the nature of growth in terms of the relation between initial status and the other growth parameters (linear slope and/or quadratic function)-a positive relation between initial status and linear growth would indicate that students with more advanced skills at initial status would growth faster, similar to the Matthew Effect (Stanovich, 1986) , whereas a negative relation would indicate a mastery relation where students with advanced initial status showing less growth.
Relatively few studies have investigated developmental trajectories for either spelling or writing. In spelling, a nonlinear developmental trajectory was reported for Norwegian-speaking children in the first 3 years of schooling (Lervag & Hulme, 2010) . Nonlinear developmental trajectories in spelling were also found for Koreanspeaking children and developmental trajectories differed as a function of word characteristics (Kim, Petscher, & Park, 2016) . In written composition, only a couple of studies have investigated development trajectories. Kim, Puranik, & Al Otaiba, (2015b) investigated growth trajectories of writing within Grade 1 (beginning to end) for three groups of English-speaking children: typically developing children, children with language impairment, and those with speech impairment. They found that although there were differences in initial status among the three groups, the linear developmental rate in writing did not differ among the three groups of children. This study was limited, however, because it examined development within a relatively short period (Grade 1), and the functional form of the growth trajectory was limited to a linear model because only three waves of data were available. Another longitudinal study, conducted by Ahmed et al. (2014) , followed Englishspeaking children from Grades 1-4, but growth trajectories over time were not examined because their focus was the relation between reading and writing, using changes in scores between grades.
The vast majority of previous studies on reading-writing relations have been cross-sectional investigations, and they have reported somewhat mixed findings. Some reported a unidirectional relation of reading to writing (Kim et al., , 2015a ; some reported a direction from writing to reading (Berninger, Abbott, Abbott, Graham, & Richards, 2002 ; see also Graham & Hebert's 2010 metaanalysis) ; and others reported bidirectional relations (Berninger & Abbott, 2010; Kim & Graham, 2018; Shanahan & Lomax, 1986) . Results from limited extant longitudinal studies are also mixed. Lerkkanen, Rasku-Puttonen, Aunola, and Nurmi (2004) , using longitudinal data (4 time points across the year) from Finnish first grade children, reported a bidirectional relation between reading (composed of word reading and reading comprehension) and spelling during the initial phase of development, but not during the later phase. As for the relation between written composition and reading (composed of word reading and reading comprehension), the direction was from writing to reading, but not the other way around. Ahmed et al. (2014) examined reading-writing relations at the lexical, sentence, and discourse levels using longitudinal data from Grades 1-4, and found different patterns at different grain sizes. They reported a unidirectional relation from reading to writing at the lexical (word reading-spelling) and discourse levels (reading comprehension and written composition), but a bidirectional relation at the sentence level.
Findings from these studies suggest that reading and writing are related, but the developmental nature of relations still remains unclear. Building on these previous studies, the primary goal of the present study was to expand our understanding of the development of reading and writing, and their interrelations. To this end, we examined growth trajectories and developmental relations of reading and writing at the lexical and discourse-levels. Although previous studies did reveal relations between reading and writing, the number of studies which explicitly examined developmental relations at the same grain size of language (i.e., lexical level and discourse level) using longitudinal data is extremely limited, with the above noted Ahmed et al.'s (2014) study as an exception. We examined the reading-writing relations at the lexical-level and discourse-level, respectively. This is because theory and evidence clearly indicate that the component skills of reading and writing differ for lexical literacy skills (e.g., Adams, 1990; Treiman, 1993) versus discourse literacy skills (e.g., Berninger & Winn, 2006; Hoover & Gough, 1990; Kim, 2017; Perfetti & Stafura, 2014) .
The present study
With the overarching goal of examining developmental relations between reading and writing at the lexical and discourse-levels, we had the following two research questions:
(1) What are the patterns of development of reading (word reading and reading comprehension) and writing (spelling and written composition) from Grades 3 to 6? (2) How are growth trajectories in reading and writing interrelated over time from Grades 3 to 6?
With regard to the first research question, we expected nonlinear growth trajectories for word reading, spelling, and reading comprehension where linear development is followed by a slowing down (or plateau). Due to lack of prior evidence in the grades we examined (i.e., Grades 3-6), we did not have a specific hypothesis about the functional form of growth trajectories for written composition. In terms of reading-writing relations, we hypothesized a stronger relation between word reading and spelling than that for reading comprehension and written composition. We also hypothesized a bidirectional relation particularly between word reading and spelling based on fairly strong bivariate relations reviewed above. For reading comprehension and written composition, we expected a weaker relation, and did not have a specific hypothesis about bidirectionality, given lack of empirical data in upper elementary grades.
Method
Participants Data from the present study are from a longitudinal study of students' reading and writing development in the South Eastern region of the US. Cross sectional results on predictors of writing in Grades 1-3 have been reported previously (Kim et al., , 2015a . However, longitudinal data from Grades 3 (mean age = 8.25, SD = .39) to 6, the focal grades in the present study, have not been reported. The longitudinal study was composed of two cohorts of children in the same district. In other words, the sample sizes in each grade (see Table 1 ) were the sum of two cohorts of children.
As shown in Table 1 , total sample size in each grade varied across years and each measure. 2 For instance, in spelling, data from a total of 359 children were available in Grade 3 whereas in Grade 6, data were available for 278 children. An empirical test of whether missingness is completely at random (MCAR; Little, 1988) or not revealed that all data in grades 3-6 were MCAR, v 2 (492) = 530.13, p = .114, with the exception of the grade 6 writing data, v 2 (4) = 21.46, p \ .001. However, a review of the data suggested that the data were not non-ignorable missing and the patterns of missing were unrelated to the variables themselves. As such, fullinformation maximum likelihood was the appropriate method for estimating coefficients in the presence of missing data (Enders, 2010) .
The sample was composed of 53% male students who were predominantly African-Americans (59%), followed by White (29%), Multi-racial (9%), Other (2%), and Native American or Asian (1%). We noted a pattern of more attrition related to free and reduced lunch price status. In grade 3, 51% of students were eligible for free or reduced price lunch compared to 49% in grade 4, 39% in grade 5, and 29% in grade 6. Further, 10% of students in grade 3 were identified with a primary exceptionality, 7% in grade 4, 6% in grade 5, and 6% in grade 6. No students were identified as having limited English proficiency.
Measures

Word reading
Children's word reading was assessed by the Letter Word Identification task of the Woodcock Johnson-III (WJ-III; Woodcock, McGrew, & Mather, 2001) . In this task, the child is asked read aloud words of increasing difficulty. This task assesses children's decoding skill and knowledge of word specific spellings in English. Cronbach's alpha estimates across grades 3-6 ranged from .90 to .91 according the test manual. The Letter Word Identification task of WJ-III has been widely used in previous studies and has been shown to be strongly related to other word reading tasks (e.g., r = .92; Kim & Wagner, 2015; Kim et al., 2015a) .
Reading comprehension
The Passage Comprehension task of WJ-III was used. This is a cloze task where the child is asked to read sentences and short passages and to fill in the blanks. Cronbach's alpha estimates across the grades ranged from .76 to .84. This has also Keenan, Betjemann, & Olson, 2008; Kim & Wagner, 2015) .
Spelling
The Spelling task of WJ-III was used. This is a dictation task where the child hears the word in isolation, in a sentence, and in isolation again, and is asked to spell it. Cronbach's alpha estimates across the grades ranged from .90 to .91. The WJ-III has been reported to be strongly related to word reading skills (.76 B rs B .83; Kim et al., 2015a; McGrew, Schrank, & Woodcock, 2007) .
Written composition
Written composition was measured by two tasks: The Essay Composition task of the Wechsler Individual Achievement Test-3rd (WIAT-3; Wechsler, 2009) and an experimental task that were used in previous studies (Kim et al., 2015a; McMaster, Du, & Pétursdôttir, 2009 ; also see Abbott & Berninger, 1993 for a similar prompt). In the WIAT task, the child was asked to write about her favorite game and provide three reasons. The WIAT task has been widely used in previous studies (e.g., Berninger & Abbott, 2010) and was related to other writing prompts (.38 B rs B .45; Kim et al., 2015a ).
In the experimental task, the child was asked to write about something interesting that happened after they got home from school one day (One day prompt hereafter). The One day prompt has been shown to be related to the WIAT writing task (r = .45; Kim et al., 2015a) and was related to other indicators of writing proficiency such as writing productivity and fluency (McMaster et al., 2009 ). Children were given 15 min to complete each of their writing tasks. Students' written compositions were evaluated on the quality of ideas on a scale of 0 (unscorable) to 7, which was modified from the widely used 6 ? 1 Trait approach (Northwest Regional Educational Laboratory, 2011). A similar approach has been widely used in previous studies (Graham, Berninger, & Fan, 2007; Hooper, Swartz, Wakely, de Kruif, & Montgomery, 2002; Kim et al., , 2015a Olinghouse, 2008) . Compositions that had rich and clear ideas with details received higher scores. In addition to the idea quality, the WIAT Essay Composition task was also evaluated on thematic development and text organization (TDTO hereafter) following the examiner's manual. Coders were rigorously trained to achieve high reliability within each year as well as across the years. For the present study, we established inter-rater reliability using 40-50 written compositions per prompt per year; Cohen's Kappa ranged from .78 to .97.
Procedures
Children were assessed in the spring by carefully trained assessors in a quiet space in each school. Assessment consisted of two sessions of individual assessment and two sessions of small group sessions. Research assistants were trained for 2 hours prior to each assessment session and were required to pass a fidelity check before administering assessments to the participants in order to ensure accuracy in administration and scoring. The reading tasks and the spelling task were individually administered whereas the written compositions were administered in a small group setting (3-4 children).
Data analytic approach
We employed a combination of latent individual growth curve modeling and structural equation modeling in this study. An important aspect of evaluating the structural cross-construct relations is first understanding the underlying functional form of growth for each of the four outcome types. To this end, four specific latent variable models were tested for each outcome: a linear growth model, a non-linear growth model with non-linearity defined through a quadratic term, a linear freeloading growth model, and a linear latent change score (or dual change score) model. Each of these models reflect an alternative consideration of how growth is shaped (Petscher, Quinn, & Wagner, 2016) . The linear latent growth model describes a strictly linear relation over time regardless of the number of time points in the model; thus, even though there are four observed waves of data, the linear model forces a linear growth curve. The non-linear growth model extends the linear model by allowing multiple non-linear terms to be added above the linear slope; and the different alternative nonlinear models were evaluated for precise estimation of non-linearity. In the present data, four available time points permitted specification of a quadratic parameter to be estimated to determine the rate of celeration (i.e., acceleration or deceleration). The freed loading growth curve model is eponymous such that the loadings on the slope factor in the growth model are freely estimated rather than fixed at particular time intervals. In this way, the shape of the curve is defined by the estimated loadings, not a priori determined values. For example, in a linear growth model the loadings may be coded as 0, 1, 2, 3 for four time points and the equal interval coding points to the assumption of equal interval change over time. A freed loading growth model may code the loading structure as 0, *, *, 1 where 0 and 1 denote the beginning and end of change and * denotes freely estimated proportional change that may occur between times 1 and 4. The dual change score model (McArdle, 2009 ) may be viewed as a hybrid of direct and/or indirect models with individual growth curve analysis. Dual change models include two types of change parameters, an average slope factor, such as in the linear model, and a proportional change parameter that reflects the relation between a prior time point and the change between two time points.
For the word reading, spelling, and reading comprehension outcomes, the latent growth models were fit directly to the observed measures. However, for written composition, with multiple measures of writing data at each time point, multiple indicator growth models (Meredith & Tisak, 1990) were specified for each of the four general model types described above. The inclusion of the multiple indicators necessitate additional model testing steps to evaluate levels of longitudinal invariance for the loadings, intercepts, and variances. The level(s) of measurement invariance serves to ensure that the latent variables are measured on the same metric over time so that differences in the latent means and variances are due to individual differences in the latent scores and not due to biases that are consequential to a lack of measurement invariance. Loading invariance was first tested, followed by various iterations of freeing model constraints on the basis of modification indices. Once a decision was made regarding measurement invariance, the multiple indicator growth models were specified. Following the growth model evaluations, two structural equation models were specified for pairs of constructs. First, the latent intercept and slope factors from the word reading growth model were used as predictors of factors in the spelling growth model, as well as the latent intercept from the spelling growth model as a predictor of growth in word reading. Second, the latent intercept and slope factors from the reading comprehension growth model were used as predictors of factors in the writing growth model. Fit for all latent variables was evaluated using the comparative fit index (CFI; Bentler, 1990) , Tucker-Lewis index (TLI; Bentler & Bonett, 1980) , and the root mean square error of approximation (RMSEA; Browne & Cudeck, 1992) . CFI and TLI values greater than .90 are considered to be minimally sufficient criteria for acceptable model fit (Hooper, Coughlan, & Mullen, 2008) and RMSEA values \ .10 are desirable. The Bayes Information Criteria (BIC) was used as another index for comparing model fit with model difference of at least 5 suggesting practically important differences (Raftery, 1995) . Table 1 provides For writing measures, raw scores showed increases from grades 3 to 6 on both the WIAT TDTO (grade 3: M = 6.67, SD = 2.88; grade 6: M = 9.62, SD = 4.01) and the WIAT idea quality (grade 3: M = 3.80, SD = 0.88; grade 6: M = 4.33, SD = 1.15). The mean WIAT TDTO standard scores were in the average range (106-111). In contrast, mean scores for the One Day idea quality measure did not show a similar pattern of growth, but decreased slightly (grade 3: M = 4.40, SD = 1.07; grade 6: M = 4.25, SD = 0.99). Although this may appear surprising, a slight dip or no growth in a particular year in writing quality has been previously reported (Ahmed et al., 2014) .
Results
Descriptive statistics
Correlations among the measures across grades are reported in Table 2 . The relations between reading and writing in each grade varied: Word reading and spelling were strongly related (.73 B rs B .80) whereas reading comprehension and Research Question 1 What are the patterns of development in reading (word reading and reading comprehension) and writing (spelling and written composition) from Grades 3 to 6?
Prior to the specification of the growth models for all outcomes, the longitudinal invariance of the writing measures was evaluated with Mplus v7.0 (Muthén & Muthén, 1998 . The first phase of the model building was to identify the extent to which a single factor best represented the measurement-level covariances among the three measured writing variables at each of the grade levels. However, because the model was just-identified (i.e., 0 degrees of freedom), fit indices were not available for the grade-based models. The baseline model for longitudinal invariance specified longitudinal constraints on the loadings, intercepts, and residual variances and the model fit was poor: v 2 (75) = 480.97, RMSEA = .107, (90% RMSEA CI = .098, .116), CFI = .68, TLI = .72. Through a series of model revisions a final model was specified that included invariant loadings and intercepts, partially invariant residual variances (i.e., grade 3 WIAT TDTO was freely estimated), and the addition of three residual covariances among writing measures, v 2 (62) = 115.40, RMSEA = .043 (90% RMSEA CI = .030, .055), CFI = .96, TLI = .96, and the fit of this final model was significantly better than the fully invariant model (Dv 2 = 365.57, Ddf = 13, p \ .001).
As noted above, four alternative growth models were examined and compared for each of the outcomes, word reading, spelling, reading comprehension, and writing. Model fit results are reported in Table 3 . Generally, each model configuration fit well to the outcomes. For example, the word reading models all maintained acceptable CFI and TLI ([ .95) as well as RMSEA (\ .10). When using the BIC to compare relative model fit, both the dual change score model (BIC = 9720) and freed loading model (BIC = 9719) were lower by at least 5 points from the linear latent growth (BIC = 9735) and quadratic growth (BIC = 9729) models but only differed by 1 point from each other. Based on the v 2 /df ratio and the measurement simplicity, the freed loading model was selected for word reading. The results from the freed loading model indicated that 45% of the total growth in word reading having occurred between grades 3 and 4, 26% of growth occurring between grades 4 and 5, and 29% of growth occurring between grades 5 and 6. The comparison of the spelling growth models showed an advantage for the dual change score model over the freed loading and non-linear growth models by 11 points on the BIC, as well as a 41 point difference with the linear latent growth model.
For reading comprehension, the quadratic growth and dual change scores models fit better to the other two alternatives, and similar to the word reading model selection, the v 2 /df ratio and the measurement parsimony led to the selection of the quadratic growth model. Finally, the quadratic growth model was selected for the writing outcome based on its relative fit to the dual change models (i.e., DBIC = 30), and its superior fit to the linear latent growth model (Dv 2 = 14.74, Ddf = 4, p \ .01) and the freed loading model (Dv 2 = 8.74, Ddf = 2, p \ .05).
Randomly selected individual growth curves (n = 25) for each of the four outcomes are presented in Fig. 1 Research Question 2 How are growth trajectories in reading and writing interrelated over time from Grades 3 to 6?
The first structural analysis tested the relation between word reading intercept (centered in grade 3) and slope in predicting spelling intercept (centered in grade 3) and slope, v 2 (22) = 27.92, RMSEA = .024, 90% RMSEA CI .000, .047, CFI = .99, TLI = .99. Standardized path coefficients are presented in Fig. 2 (Unstandardized model coefficients are reported in Appendix A1). Word reading intercept (initial status) and slope were moderately and negatively related (-.44), indicating that children who had higher word reading in Grade 3 had a slower growth rate in word reading. In contrast, spelling intercept and slope had a strong and positive relation (.73), indicating that children who had a higher spelling skill showed a faster growth rate over time. In terms of the relation between word reading and spelling, Grade 3 word reading scores significantly predicted Grade 3 spelling scores (.86) as well as the average spelling growth trajectory (.96). Word reading growth also uniquely predicted the average spelling growth trajectory (.22) . In contrast, Grade 3 spelling scores did not significantly predict growth in word reading (.16, p [ .50) . A model including bi-directional paths from word reading slope to spelling slope did not converge; a final model included a covariance between word reading and spelling slopes with the correlation estimated as .08 (p [ .50 ). The inclusion of the word reading predictors resulted in 75% of the variance in Grade 3 spelling explained along with 84% of the variance in spelling growth.
Standardized path coefficients for the predictive model of reading comprehension development to writing development are shown in Fig. 3 : v 2 (110) = 218.45, RMSEA = .045, 90% RMSEA CI .037, .054, CFI = .95, TLI = .94 (Unstandardized model coefficients are reported in Appendix A2). Although our goal was to examine how growth trajectories (initial status, linear slope, and quadratic terms) in reading comprehension and writing are related to one another, this was not permitted due to zero variance in the linear slope and quadratic terms in reading comprehension as well as the quadratic term in writing. As shown in Fig. 3 , Grade 3 reading comprehension significantly predicted Grade 3 writing (.69), 3 but did not significantly explain differences in the linear writing slope (.10, p = .29). Grade 3 reading comprehension explained 48% of the variance in Grade 3 writing and 1% of the variance in the linear writing slope. Furthermore, intercept and linear slope in writing were not related (.09, p = .74); and the relation between intercept and linear reading and writing skills. Colloquially, they have moved from a learning to read to a reading to learn phase (Chall, 1983) .
We found that different growth models described best the four different reading and writing outcomes. Overall, alternative models for the four literacy outcomes fit the data well. Unlike our hypothesis of nonlinear trajectories, for lexical-level literacy skills, word reading and spelling, linear models (freed loading and dual change models) described data best, at least from Grades 3-6. For word reading, results from the freed loading growth curve fit the data best and showed the amount of growth in word reading varied as function of development time points. The largest amount of growth (45% of total growth) occurred between grades 3 and 4 with less growth between grades 4 and 5 (26%) and between grades 5 and 6 (29%). This is convergent with a previous study, which found that growth in reading skills was larger in lower grades than upper grades (Kieffer, 2011) . For spelling, the dual change score model described the data best. The dual change score model does not differ from the traditional growth model in terms of shapes of growth pattern. The dual change score model, however, adds nuances because it captures proportional (i.e., auto-regressive) growth parameters (changes between two time points) in addition to average growth parameters in traditional growth models (changes across all the time points).
Interestingly, however, for reading comprehension and written composition, nonlinear trajectories with a quadratic function described the data best. In other words, developmental trajectories were characterized by an initial linear development followed by slowing down (or plateau). This nonlinear trajectory in reading comprehension is convergent with previous work (e.g., Kieffer, 2011) . The present study is the first one to describe any growth pattern over time in written composition beyond a single academic year and/or from Grades 3 to 6. Taken together with the limited extant work, it appears that reading comprehension and written composition develop in nonlinear trajectories, characterized by initial strong growth and followed by a pattern of deceleration, or slowing down, at least from Grades 3 to 6.
Another interesting finding about growth trajectories in reading and writing was the relation between initial status and linear growth rate. For word reading, children's status in Grade 3 was negatively related to rate of growth (-.44) such that those who had advanced word reading in Grade 3 had a slower growth rate through the grades. Spelling, on the other hand, showed a different pattern with a strong positive relation between initial status and growth rate (.73), indicating that students with a higher spelling skill at Grade 3 developed at a faster rate from Grades 3 to 6. Although there might be several explanations, we speculate that these results are attributed, at least partially, to the fact that children in these grades are in different developmental phases in word reading versus spelling. In word reading, many children have reached high levels of proficiency by Grade 3, and therefore, their subsequent learning rate is slower as their learning approaches a ceiling. In spelling, however, students' overall development in Grade 3 did not quite reach as high because spelling requires greater accuracy and precision in orthographic representations than reading (Ehri, 2000) . Therefore, there is sufficient room for further growth for the majority of learners, and those with more advanced spelling in Grade 3 continue to grow at a fast rate in subsequent grades, presumably because they have more solid foundations in component skills of spelling. Another possible explanation may relate to instruction; that is by third grade, relatively little reading instructional focus is at the word level, because students are expected to have mastered learning to read whereas spelling instruction may continue, particularly for more complex word patterns. This speculation, however, requires future studies.
Results for discourse-level literacy skills were less clear. Unfortunately, the relation between initial status and growth rates was not estimable for reading comprehension due to the lack of variance in the linear slope and quadratic parameters. In written composition, although there was variation in the linear slope, the relation between initial status and linear slope was not statistically significant. This finding suggests that initial student writing levels do not necessarily predict future growth in writing. However, given that this was the first study to explicitly examine the relations between initial status and growth trajectories in writing, our findings cannot be compared to any previous research, and so will require replication in future studies.
Turning to the relation between reading and writing, we hypothesized a dynamic relation between reading and writing as a function of grain size-differential relations for the lexical-level skills versus discourse-level skills, hypothesizing a stronger relation between word reading and spelling than between reading comprehension and written composition. This hypothesis was supported such that bivariate correlations between word reading and spelling were strong across grades (.73 B rs B .80) . The strong correlation between word reading and spelling is convergent with theoretical explanations and empirical evidence that word reading and spelling rely on a limited number of highly similar skills such as phonological awareness, orthographic awareness (letter knowledge and letter patterns), and morphological awareness (Apel, Wilson-Fowler, Brimo, & Perrin, 2012; Berninger et al., 1998a; Ehri, Satlow, & Gaskins, 2009; Kim, 2011; Kim et al., 2013) .
When reading-writing relations were examined at the discourse level, the relation was weak (.21 B rs B .37), convergent with previous evidence (Ahmed et al., 2014; Berninger & Swanson, 1994; Berninger & Abbott, 2010; Kim et al., 2015a) . The overall weak relation indicates that reading comprehension and written composition have shared variance, but are unique and independent to a large extent, at least during the relatively early phase of development examined in the present study (Grades 3-6). Reading comprehension and written comprehension draw on complex, similar sets of skills and knowledge such as oral language, lexical-level literacy skills, higher-order cognitive skills, background knowledge, and selfregulatory processes (e.g., Berninger & Abbott, 2010; Berninger et al., 2002; Cain et al., 2004; Compton, Miller, Elleman, & Steacy, 2014; Conners, 2009; Cromley & Azevedo, 2007; Graham et al., 2002; Graham et al., 2007; Kim, 2015 Kim, , 2017 Kim & Graham, 2018; Kim & Schatschneider, 2017; Vellutino et al., 2007) . However, as noted earlier, higher order skills such as reading comprehension and written comprehension which draw on a number of knowledge, skills, and factors are likely to be divergent as a construct. Furthermore, demands for reading comprehension and written composition differ. As a production task that involves multiple processes of planning (including generating and organizing ideas), goal setting, translating, monitoring, reviewing, evaluation, and revising (Hayes, 2012; Hayes & Flower, 1980) , skilled writing requires regulating one's attention, decisions, and behaviors throughout these process (Berninger & Winn, 2006; Hayes & Flower, 1980; Hayes, 2012) . Therefore, although reading comprehension and written composition draw on a similar set of knowledge and skills (e.g., oral language, selfregulation), the extent to which component skills are required for reading comprehension versus writing tasks might vary, resulting in a weaker relation (Kim & Graham, 2018) .
The hypothesis about the interactive nature of relations between reading and writing was not supported in the present study. Instead, our findings indicate a unidirectional relation from reading to writing both at the lexical and discourse levels. Initial status in word reading strongly predicted initial status (.86) and linear growth rate of spelling (.96). In other words, children who had higher word reading in Grade 3 also had higher spelling in Grade 3 and experienced a faster growth rate in spelling. Growth rate in word reading also predicted growth rate in spelling (.22) after accounting for the contribution of initial status in word reading, indicating that children who had faster growth in word reading also had faster growth in spelling. When the contribution of spelling to word reading was examined, initial status in spelling was positively related to word reading slope, but was not statistically significant. When growth rate in spelling was hypothesized to predict growth rate in word reading, the model did not converge. Although the causes of model nonconvergence is unclear, overall the present findings indicate that development of word reading facilitates development of spelling skills but not the other way around at least from Grades 3 to 6. The unidirectional relation from word reading to spelling is convergent with a previous longitudinal study from Grades 1 to 4 (Ahmed et al., 2014) , but divergent with a meta-analysis reporting a large effect of spelling instruction on word reading (average effect size = .68; Graham & Hebert, 2010) .
Furthermore, reading comprehension in Grade 3 fairly strongly predicted writing in Grade 3 (.69). However, neither initial status in reading comprehension (in Grade 3) nor in written composition predicted linear growth in written composition. The relation from reading comprehension to writing is convergent with an earlier study by Ahmed et al. (2014) with younger children, and suggests that knowledge of and experiences with reading comprehension are likely to contribute to written composition, but not the other way around, at least during Grades 3-6. This appears to contradict previous findings on the effect of writing instruction on reading (Graham & Hebert, 2010) or the positive effects on reading and writing when instruction explicitly targets both reading and writing (Graham et al., in press ). These discrepancies might suggest that for writing to transfer to reading at the discourse level, explicit and targeted instruction might be necessary. Although writing acquisition and experiences may help children to think about and to reflect on how information is presented in written texts, which promotes awareness of text structure and text meaning, and, consequently, reading comprehension (Graham & Harris, 2017; Langer & Flihan, 2000) , these might be beneficial for children who have highly developed meta-cognition or might require instruction that explicitly identifies these aspects to promote transfer of skills between writing and reading comprehension. Future studies are warranted for this speculation.
Limitations and conclusion
Results of the present findings should be interpreted with the following limitations in mind. First, there was a lack of variance in the linear parameter of reading comprehension as well as in the quadratic parameter of reading comprehension and written composition. These indicate that children in Grades 3-6 did not vary in linear growth rate in reading comprehension and quadratic function in reading comprehension and written composition. While these are potentially important findings themselves, these limited the scope of relations that could be estimated in the present study. Measuring a construct (e.g., reading comprehension) using multiple tasks would be beneficial in several aspects, including reduction of measurement error and addressing the issue of zero variance in future studies. Furthermore, previous studies have shown that reading comprehension measures vary in the extent to which they tap into component skills (Cutting & Scarborough, 2006; Keenan et al., 2008) . Therefore, the extent to which our present findings are influenced by the use of a particular reading comprehension task (i.e., WJ Passage Comprehension) is an open question and requires future work. Second, the foci of the present study were developmental trajectories and reading-writing relations; and thus, an investigation of component skills and their relations to growth trajectories of reading and writing was beyond the scope of the present study. Such an investigation would shed light on shared and unique aspects of reading and writing development (see Kim & Graham, 2018) . Third, we did not observe the amount or quality of instruction in reading or writing; future research might explore how instruction and interventions mediate growth trajectories. Moreover, variation across classrooms across the grades was not accounted for in the statistical model for its complexity. Finally, our findings should be replicated with different samples of students in terms of both ethnicity, English language proficiency, and free and reduced lunch price status.
In conclusion, we found that linear developmental trajectories describe development of lexical-level literacy skills whereas a nonlinear function describes development of discourse-level literacy skills from Grades 3 to 6. We also found that readingwriting relations are more likely to be from reading to writing at lexical-and discourse levels, at least during these grades. Future longitudinal and experimental investigations are needed to replicate and extend the present study to further reveal similarities and uniqueness of reading versus writing, and the nature of their relations. Relations between reading and writing: a longitudinal… 1611 
